SUMMARY: On 592 cynomolgus monkeys of newly-imported 14 different groups, sero-epidemiological follow-up surveys of natural infections with SV5, measles (MV) and herpes simplex (HSV) were conducted both at the time of arrival and at the end of the 9-week quarantine period at Tsukuba Primate Center for Medical Science (TPC).
INTRODUCTION
During the past few decades, a very large number of wild-originated nonhuman primates have been used extensively for various biomedical studies as well as for the production and control of viral vaccines such as poliomyelitis and measles vaccines. Through the course of extensive uses of nonhuman primates as laboratory animals, it has been well recognized that wild-originated monkeys generally have serum antibodies against many viral species (Hull, 1968; Hsiung, 1968; Kalter and Heberling, 1971; Kalter, 1973; Yamane, 1974) . However, little information is available as yet regarding not only the incidence of some viral antibodies at the time of reception in a particular group of newlyimported wild monkeys but also the fluctuation of positive rate and titer of those antibodies during the quarantine period in the same import-group.
As a routine work of Tsukuba Primate Center for Medical Science (TPC), all of the monkeys imported from Southeast Asian countries are tested for the hemagglutination inhibition (HI) antibodies against SV5 and measles virus (MV) and the complement fixation (CF) antibody against herpes simplex virus (HSV). These three viruses were selected from the following reasons. Firstly, SV5 could be regarded as an indicator for estimating the degree of contaminations with viruses of simian origin, since this virus has been known to be one of the most prevalent viruses among macaque monkeys (Yoshida et al., 1965; Tribe, 1966; Atoynatan and Hsiung, 1969; Nishikawa et al., 1974) . Secondly, MV infection is a serious problem when wild-originated macaques are used for measles vaccine assay (Yamanouchi et al., 1969; Remfry, 1976; MacArthur et al., 1979) , since this virus can easily be transmitted among non-immune monkeys of a group during transportation from habitat area to a user's facility even if the group has only one MV-infected monkey at first. Thirdly, the presence of CF antibody against HSV may reflect to some extent the infection with herpes B virus because of the close antigenic relationship between the two viruses (Cabasso et al., 1967; Ueda et al., 1968; Hull, 1973; Gary and Palmer, 1977; Kalter et al., 1978; Norrild et al., 1978) .
The present paper deals with sero-epidemiology of natural infections with SV5, MV and HSV in newly-imported wild cynomolgus monkeys both at the time of importation and at the end of quarantine period at TPC. 
MATERIALS AND METHODS

Animals
SV5
As shown in Table I , generally the incidence of antibody against SV5 was 44.6% on arrival at TPC. However, the positive rate varied not only with different countries of origin but also with different import-groups from the same country. That is, about 75.7% of monkeys from Malaysia were positive, while about 37.3% were positive with monkeys from Indonesia and only 2.9% of the Philippine monkeys were positive. The rate ranged from 52.5% to 94.9% among different import-groups from Malaysia, from 0 to 76.4% among Indonesian groups and 0 to 5.4% among Philippine groups.
At the end of the quarantine period, the overall positive rate of SV5 antibody was 62.7%. This rate was about 18% higher than that at the time of arrival. As regards the monkeys from Malaysia, almost all of them became positive by the end of the quarantine period. Regarding the monkeys from Indonesia, however, there was a difference in the trend of changing of the positive rate with different import-groups; the rate markedly rose from 51.1 to 100% in the 1st group, from 29.6 to 100% in the 4th group and from 16.7 to 91.7% in the 5th group, while the rate remained constant at 0% throughout the quarantine period with the 2nd and 3rd groups. For the 6th group, the rate increased by about 13%. All of the Philippine monkeys were negative at the end of the quarantine period.
With regard to antibody titers, the Malaysian monkeys showed the highest average titer (25.0) at the time of arrival, followed by the Indonesian monkeys (23.4) and by the Philippine ones (22.1). At the end of the quarantine period, the average titers increased by about 4 times in the Malaysian and Indonesian groups. However, no increase of average antibody titers was detected in the groups from the Philippines.
As shown in Table IV , out of 248 paired sera that were negative at the time of arrival, 87 sera (35.1%) converted to positive by the end of the quarantine period. However, the conversion rate markedly varied from country to country, that is, 89.6% of 48 Malaysian cases and 48.9% of 90 Indonesian cases converted to positive, whereas no converted case was detected with the monkeys from the Philippines. Six sera (3 .1%) of 194 paired sera that were positive at the time of arrival converted to negative during the quarantine period . Also the rate of conversion to negative showed noticeable variation among different countries, that is, the Indonesian monkeys showed no conversion , while two of the two cases converted with the monkeys from the Philippines .
MV
Generally, about 49% of newly-imported monkeys were positive for measles antibody (Table II) . However , there were remarkable differences in the positive rate according to the countries of origin as well as to the import-groups from the same country. For the monkeys from Malaysia and the Philippines , the positive rate was approximately 60%, while it was 25.5% for the Indonesian monkeys . No large difference of the rate was noted among groups of the Malaysian monkeys. On the other hand , the Indonesian monkeys showed a marked difference of the rate ranging from 0 to 58.1% with the different import -groups . For the three different groups of Philippine monkeys, the rate was 14.8, 65.5 and 78.2%, respectively.
As a whole, the positive rate of measles antibody was 91.4% at the end of the quarantine period. All Malaysian and Philippine monkeys became positive by the end of quarantine, whereas no monkey was positive in two importgroups (the 2nd and 3rd groups) from Indonesia. As to the remaining four groups of Indonesian monkeys, however, every animal was positive at the end of the quarantine period.
At the time of arrival, the average MV antibody titer (Table II) was highest (26.1) with the monkeys from Malaysia, followed by the monkeys from the Philippines (24.9) and from Indonesia (23.1). These average titers markedly increased by about 8 times during the quarantine period in every import-group from three different countries except the 2nd and 3rd groups of Indonesia in which no titer rise was observed. The rate of conversion of MV antibody from negative to positive was generally 81.5% with 205 paired sera of the monkeys from three different countries, out of which 61 Malaysian and 42 Philippine monkeys showed the conversion rate of 100% (Table IV) . On the other hand, no conversion from positive to negative was found in any monkeys of the three countries.
HSV
As shown in Table III , about 60% of 592 monkeys had the antibody against HSV on arrival. For the Malaysian monkeys, the positive rate was SUZUKI et al. Vol. 34 64.3%, varying from 50.0 to 72.5% with different import-groups. The monkeys from Indonesia showed a somewhat higher rate (76.8%) ranging from 45.0 to 91.1% with different import-groups. As regards the monkeys from the Philippines, the rate was lowest (27.7%) among the monkeys of three different countries. The Ist Philippine group had a positive rate of 55.6%, while the 2nd and the 3rd groups were only 18.1 and 23.6% in the rate, respectively. There was no certain pattern in changing the positive rate during the quarantine period. In other words, some import-groups from Malaysia and Indonesia showed an increasing trend while other import-groups either had a decreasing trend or remained unchanged. For the import-groups from the Philippines, no marked increase of the positive rate was observed. On the contrary, the rate sharply decreased from 23.6 to only 4.9% with the 3rd Philippine group. The average titers of HSV antibody were as low as 21.1 to 24.1 both at the time of arrival and at the end of the quarantine period in almost all importgroups from the three countries, although the positive rates of those groups were relatively high. In addition, there was no marked increase in the average HSV antibody titer during the period of quarantine. On the contrary, some importgroups, for example, the 4th and 5th Indonesian and the 1st Philippine groups, showed a slight decrease of the average titer at the end of the quarantine.
The overall conversion rate from negative to positive was 22.4% and the rate from positive to negative was 13.1%. However, there were some differences in these rates between the Philippine monkeys and the other two countries' monkeys. That is, the Philippine monkeys were lowest (6.3%) in the positive conversion rate but highest (42.9%) in the negative conversion rate among the monkeys imported from the three countries.
DISCUSSION
The present results clearly demonstrate that the positive rates of SV5 , MV and HSV infections on arrival at TPC greatly vary according to the importgroup of monkeys from the same country as well as to the country of origin of monkeys. However, the variation of positive rate seems to be relatively smaller with HSV than those with SV5 and MV.
As regards SV5, the positive rate (44.6%) in the present study is almost equal to the previous data (44.3%) reported by Nishikawa et al . (1974) who also examined 356 cynomolgus monkeys of nine different groups at the time of arrival at NIH, Japan from June, 1971 through June, 1973 . However, the positive rate reported by Kawai et al. (1968) was only 7.4% of 176 cynomolgus monkeys. In the present survey, most of the Philippine monkeys were free from the infection with this virus, although the number of monkeys examined was not so large. We consider that this trend may suggest the possibility that the Philippines are not so heavily contaminated with SV5, because all of additional 165 monkeys of three different groups recently imported from the Philippines VIRUS  INFECTIONS  IN NEWLY-IMPORTED  MONKEYS   77 were also negative for SV5 antibody. The fact that every Malaysian group had a very high positive rate of SV5 antibody on arrival and showed a marked increase of the rate during the 9-week quarantine period may suggest that most of the Malaysian monkeys had been infected with SV5 before the importation into TPC and there appeared not a few newly-infected monkeys in the same group during the quarantine period. That is the case also with four Indonesian groups (the 1st, 4th, 5th and 6th groups). As for the other Indonesian groups and all of the Philippine groups, however, no infection or transmission of SV5 occurred during the quarantine period. In the rhesus and green monkeys, Atoynatan and Hsiung (1969) also demonstrated the increases from 7.0 to 60% after 80-day quarantine and from 4.9 to 52.3%, respectively. At any rate, on the basis of the present data we may conclude that the spreading of SV5 infection can be prevented among different import-groups if kept in separate rooms of the quarantine facility of TPC.
In the present survey, the positive rate of MV antibody on arrival was evidently higher than that reported by other investigators. For example, Yamanouchi et al. (1973) reported only about 8.2% of 1,942 cynomolgus monkeys were positive just after importation. Also in the papers published by Kawai et al. (1968) and Ohwada et al. (1970) , the incidence of MV antibody in the cynomolgus monkey was comparatively low, 29.8% and 12.9%, respectively. However, the former authors used the sera collected mostly within 2 weeks after arrival and the latter authors dealt with the sera collected 15 to 360 days after importation. For this reason, their data can not strictly be compared with ours. Although no relevant reason for such a high rate (49.0%) in the present newly-imported groups can be found out as yet, we think that the present high rate resulted possibly from increased human contacts with newlycaptured monkeys in the countries of origin.
Generally, a remarkable increase of MV infection rate was observed during the quarantine period at TPC. The same increasing trend as the present one was already demonstrated by Yamanouchi et al. (1969) . Ohwada et al. (1970) also reported that MV infection rate markedly increased during the feeding period of more than 15 days, using the green and cynomolgus monkeys. Furthermore, Barsky et al. (1976) demonstrated the increase of MV infection rate from 9% on arrival to 96% after 47-day quarantine with the rhesus monkey. At all events, we think that the present results mean that there were some monkeys shedding MV just before and/or during shipment from their habitat country in all import-groups except the 2nd and 3rd groups from Indonesia. These Indonesian groups were maintained free from MV infection throughout the quarantine period, suggesting that none of the monkeys in this groups was shedding MV. In other words, these groups must have been shipped from the exporting country shortly after captured without any close contact with humans. At any rate, it can be concluded that there occurred no group-togroup infection with MV just like SV5 at the quarantine facility of TPC. SUZUKI et al. Vol. 34 Regarding HSV antibody, fairly high positive rates were obtained in the present import-groups except the 2nd and 3rd ones from the Philippines. Kawai et al. (1968) and Ohwada et al. (1970) also reported HSV infection rates of 64% and 69.9% in cynomolgus monkeys, respectively. On the basis of the results of the neutralization test for Herpes simiae (BV) that was performed by NIH/WHO Collaborating Center for Reference and Research in Simian Viruses (Dr. S. S. Kalter) using HSV positive or negative sera collected from wildimported and laboratory-bred monkeys kept at TPC, it can be said that the presence of CF antibody to HSV implies BV infection with a certain reliability (Sasagawa et al., unpublished data) . However, the possibility of HSV infection transmitted from human could not be excluded in some of the present CF positive cases. The finding that the CF positive rate did not rise in almost all importgroups or the rate rather decreased in some groups during the quarantine period may suggest that no transmission of HSV (BV) occurred at our quarantine facility among monkeys of the same group as well as among different importgroups. The 2nd and 3rd groups of Indonesian monkeys, however, exceptionally showed an increase in the CF positive rate. We consider that these groups were exposed to some stress more severely than other groups, because, as already discussed in the paragraph of MV infection, these groups must have been shipped immediately after captured. If HSV (BV) antibody production is provoked in monkeys under some stress like in humans infected latently with HSV, the increase of the CF positive rate during the quarantine period is reasonable with these two Indonesian groups. The present results showing that the antibody conversion rate from negative to positive was highest with MV (81.5%) followed by SV5 (35.1%) and HSV (22.4%) may indicate that MV is the most easily transmissible virus among cynomolgus monkeys and SV5 is a comparatively easily transmissible one and then HSV (BV) is not so easily transmissible one, although the mode of natural transmission of each viral species requires further investigation with monkeys housed at TPC. As to the conversion from positive to negative, not a few HSV positive cases became negative by the end of the quarantine period. The titers of these 32 cases, however, were very low on arrival. Thus, we may consider that these cases were in the declining course of the CF antibody at the time of arrival though they were judged to be positive for HSV antibody. Moreover, the presence of such cases may suggest that no re-infection with HSV (BV) which probably causes a sharp rise of CF antibody occurred under the environmental conditions of the quarantine facility of TPC. 
